As the relic of the ancient Champa Kingdom, the Cham people represent the major Austronesian speakers in Mainland Southeast Asia (MSEA) and their origin is evidently associated with the Austronesian diffusion in MSEA. Hitherto, hypotheses stemming mainly from linguistic and cultural viewpoints on the origin of the Cham people remain a welter of controversies. Among the points of dissension is the muddled issue of whether the Cham people arose from demic or cultural diffusion from the Austronesians. Addressing this issue also helps elucidate the dispersal mode of the Austronesian language. In the present study, we have analyzed mitochondrial DNA (mtDNA) control-region and coding-region sequence variations in 168 Cham and 139 Kinh individuals from Vietnam. Around 77% and 95% matrilineal components in the Chams and the Kinhs, respectively, could be assigned into the defined mtDNA haplogroups. Additionally, three common East Eurasian haplogroups B, R9, and M7 account for the majority (.60%) of maternal components in both populations. Entire sequencing of 20 representative mtDNAs selected from the thus far unclassified lineages, together with four new mtDNA genome sequences from Thailand, led to the identification of one new haplogroup M77 and helped to re-evaluate several haplogroups determined previously. Comparing the Chams with other Southeast Asian populations reveals that the Chams had a closer affinity with the Mon-Khmer populations in MSEA than with the Austronesian populations from Island Southeast Asia (ISEA). Further analyses failed to detect the potential homelands of the Chams in ISEA. Therefore, our results suggested that the origin of the Cham was likely a process of assimilation of massive local Mon-Khmer populations accompanied with language shift, thus indicating that the Austronesian diffusion in MSEA was mainly mediated by cultural diffusion, at least from the matrilineal genetic perspective, an observation in agreement with the hypothesis of the Nusantao Maritime Trading and Communication Networks.
Introduction
The vast majority of Austronesian languages are distributed on islands from Madagascar to Easter Island; the exceptions are Moken and Chamic, which are spoken in Mainland Southeast Asia (MSEA) by two minority groups, Moken and Cham, respectively . In contrast to the Moken people living as ''Sea Gypsies'' with a relatively small population size, the Cham people established the thriving Kingdom of Champa, which lasted as a major early Southeast Asian historic civilization for more than 1 millennium. Champa reached its zenith from the sixth to the tenth century AD and once ruled over the coastal plains and the interior highlands in South-Central Vietnam. Thereafter, Champa began a gradual decline because of the growing invasions of the Kinh people from northern Vietnam as well as the long-drawn-out wars with Khmer Empire, finally being forced to merge with the Kinhs in 1832 AD (Southworth 2004; Thurgood 2005; He 2006 ). Thus, a deeper insight into the origin of the Cham people, who harbor this Austronesian linguistic relic in MSEA, can help to clarify the question of how the Austronesian language had dispersed into MSEA. In this context, two prevalent hypotheses have been proposed to explain the origin of the Cham people as well as the dispersal mode of the Austronesian language. Under the ''Out-of-Taiwan'' hypothesis, the Cham ancestors were regarded as the Austronesian immigrants from Island Southeast Asia (ISEA)-especially from southwest Borneo (cf. Blust 1994) around 500 BC (Thurgood 1999; Higham 2002; Southworth 2004; Bellwood 2007 ). An alternative hypothesis known as ''Nusantao Maritime Trading and Communication Networks (NMTCN)'' proposes that the origin of the Chams was primarily mediated by cultural diffusion through the agency of the NMTCN in which case the direction of diffusion and its explicit source could not be determined (Solheim et al. 2007 ). For instance, the coastal strip of the middle and southern part of Vietnam had served as an especially important hub in the extensive maritime commerce networks around South China Sea since 500 BC or even earlier (Higham 1989 (Higham , 2002 Southworth 2004; Bellwood 2007; Hung et al. 2007; Lam 2009 ).
In contrast with linguistic and archaeological works, genetic study allows an attempt to distinguish the influence of demic and cultural diffusion for (pre-) historic events (Cavalli-Sforza et al. 1994; Chikhi et al. 2002; Wen, Li, et al. 2004) . However, in a recent Y-chromosome study, 11 Cham individuals were assigned into haplogroups O* (1/11) and O1a* (10/11) (Li et al. 2008) . Because of the small sample size and the relatively low resolution of Y-chromosome phylogeny, the genetic structure of the Cham population remains poorly understood. Hitherto, no research on the mitochondrial DNA (mtDNA) variation in the Cham population has been reported elsewhere. By contrast, mtDNA data from Southeast Asia, especially from ISEA, are accumulating quickly (Fucharoen et al. 2001; Prasad et al. 2001; Tajima et al. 2004; Black et al. 2006; Hill et al. 2006 Hill et al. , 2007 Trivedi et al. 2006; Li et al. 2007; Wong et al. 2007; Irwin et al. 2008; Lertrit et al. 2008; Dancause et al. 2009; Mona et al. 2009; Zimmermann et al. 2009; Maruyama et al. 2010; Tabbada et al. 2010) . Furthermore, the appearance of complete mtDNA genomes has improved the resolution of mtDNA phylogeny of this region (Kong et al. , 2006 Macaulay et al. 2005; Tabbada et al. 2010) . Therefore, to shed more light on the origin of the Cham people, we first analyzed the whole control-region and partial coding-region sequence variations of mtDNA in 168 Cham individuals collected from southern Vietnam. One hundred and thirty-nine Kinh individuals from northern Vietnam were also sampled for comparison as they represent the majority ethnic group in Vietnam. Our results not only help further understand the mtDNA phylogeny in Southeast Asia but also provide deeper insights into the origin of the Chams-the major Austronesian relic in MSEA.
Material and Methods

Sampling and Data Collecting
We have collected 168 unrelated Cham samples (62 males and 106 females) from Binh Thuan Province that was a ''sanctuary'' for Chams at the point of mergence by the expanding Kinhs and is the only part of the coastal strip retaining significant numbers of Chamic speakers in southern Vietnam (Higham 2002) . Additionally, 139 unrelated Kinh samples (79 males and 60 females) were collected from Hanoi, northern Vietnam ( fig. 1 ). All subjects were interviewed to ascertain their ethnic affiliations and to obtain informed consent before blood collection.
Comparative mtDNA data from Southeast Asia (fig. 1 and table 1) and southern China were taken from previously published literature Melton et al. 1998; Prasad et al. 2001; Qian et al. 2001; Kivisild et al. 2002; Oota et al. 2002; Yao, Kong, et al. 2002; Yao, Nie, et al. 2002; Kong et al. 2003; Wen, Li, et al. 2004; Wen, Xie, et al. 2004; Macaulay et al. 2005; Trejaut et al. 2005; Wen et al. 2005; Black et al. 2006; Hill et al. 2006 Hill et al. , 2007 Kong et al. 2006; Trivedi et al. 2006; Li et al. 2007; Wong et al. 2007; Gan et al. 2008; Irwin et al. 2008; Lertrit et al. 2008; Soares et al. 2008; Dancause et al. 2009; Jin et al. 2009; Mona et al. 2009; Zimmermann et al. 2009; Maruyama et al. 2010; Tabbada et al. 2010; Wang et al. 2010) . Additional comparative data were taken from Laos and China (authors' unpublished data).
mtDNA Sequence Variation Screening Genomic DNA was extracted from whole blood samples by the standard phenol/chloroform methods. The mtDNA control-region sequences were amplified by the polymerase chain reaction (PCR) method reported previously . Then, an 832-bp segment within the control region, including the hypervariable segment I (HVS-I) (16038-16569) and partial HVS-II (1-300), was sequenced in all samples as described elsewhere . By a first round of haplogroup-specific control-region motif Fucharoen et al. (2001) mtDNA Variation in Cham Population · doi:10.1093/molbev/msq131 MBE recognition and (near-) matching search with the published mtDNA data (Yao et al. 2004 ), we were able to tentatively assign each mtDNA under study into specifically named haplogroups. Certain coding-region fragments containing diagnostic sites were further amplified and sequenced to confirm the predicted haplogroup status of each mtDNA (supplementary tables S1 and S2, Supplementary Material online). For the remaining samples that could not be classified into the available mtDNA phylogeny at the time, their phylogenetic status was fully recognized by adopting a strategy that has been used to pinpoint East Asian basal lineages (Kong et al. 2006; authors' unpublished data) . Specifically, all unclassified mtDNAs were tentatively assigned into different groups based on their control region-specific variations, then at least one representative was selected from each group for completely mtDNA sequencing. In this way, a total of 24 representatives were selected for complete mitochondrial genome sequencing: 16 from the Chams, 4 from the Kinhs, and 4 from the Thais whose HVS-I sequences had been reported in our previous work (Yao, Nie, et al. 2002) . Then, based on this newly obtained mtDNA genomic information, at least one coding-region specific mutation was selected for typing among the remaining unclassified mtDNAs to further ascertain its haplogroup affiliation (supplementary table S1 and S2, Supplementary Material online). Moreover, to further understand the phylogeny of haplogroup B4c2, which presented significant distribution differences from the other haplogroups, four additional sequences belonging to this haplogroup, as judged from their control-region motif (16147-16184A-16189-16217-16235), were selected for complete sequencing as well. During the process of mtDNA genome sequencing, we adopted sequencing protocols reported elsewhere Fendt et al. 2009; Zhao et al. 2009 ) and followed caveats for quality control in mtDNA genome study Yao et al. 2008 Yao et al. , 2009 ). To avoid any nomenclature conflicts, we followed the criterion of PhyloTree (http: //www.phylotree.org, mtDNA tree Build 7 [10 November 2009]; van Oven and Kayser 2009) as well as the newly proposed haplogroup naming scheme . Sequences were edited and aligned by DNASTAR software (DNAStar Inc., Madison, WI), and mutations were scored relative to the revised Cambridge reference sequence (rCRS) (Andrews et al. 1999) . For the length variants in the control region, we followed the rules proposed by Bandelt and Parson (2008) . The transition at 16519 and the C-length polymorphisms in regions 16180-16193 and 303-315 were disregarded in the analyses.
Phylogenetic Tree Construction and Data Analysis
In total, 48 complete mtDNA genome sequences (including 28 new mtDNAs obtained in this study as well as 20 eastern Eurasian complete mtDNA genomes retrieved from the literature; Ingman et al. 2000; Macaulay et al. 2005; Reddy et al. 2007; Dancause et al. 2009; Hartmann et al. 2009; Tabbada et al. 2010) were employed for the phylogenetic tree reconstruction. Median-joining network was reconstructed manually and checked by the program NETWORK 4.510 (www.fluxus-engineering.com/sharenet.htm) (Bandelt et al. 1999) . We also constructed the reduced median network (Bandelt et al. 1995) of HVS sequences in the Chams using the NETWORK 4.510.
The coalescent age of a haplogroup of interest was estimated by statistics q ± r (Forster et al. 1996; Saillard et al. 2000) , and recently corrected calibrated mutation rates were adopted: 7,884 years per synonymous mutation and 18,845 years per transition in HVS-I (16090-16365) (Soares et al. 2009 ). Principal components analysis (PCA) followed the method developed by Richards et al. (2002) with SPSS13.0 software (SPSS). Analysis of molecular variance (AMOVA) was computed with the package Arlequin 3.11 (Excoffier et al. 2005) . To detect the potential Austronesian source of the Chams, haplotype-sharing analyses between the Cham and other Austronesian populations were carried out based on phylogeny (Achilli et al. 2007) , and the D HS distances were calculated as described by Tofanelli et al. (2009) .
Results
Classification of mtDNA Sequences in the Chams and the Kinhs
In terms of the combined information from HVS and partial coding-region segments (supplementary tables S1 NOTE.-a Because there is no ethnolinguistic information, we referred that this population might be mainly composed of Kinh, belonging to the Austro-Asiatic population. b Although three individuals were Tai-Kadai, we considered the population as Austro-Asiatic. c The Moken were removed in PCA and frequency estimates due to small sample size and severe genetic drift (Dancause et al. 2009 ). d Although ten individuals were Austronesian, we considered the population as Papuan. e Although three individuals were Austronesian, we considered the population as Papuan. f Although five individuals were Papuan, we considered the population as Austronesian. g As outliers in previous PCA caused by severe genetic drift (Hill et al. 2006) , these Orang Asli populations were removed in PCA. most common haplogroups are B, R9, and M7, which all together account for 60.1% and 75.5% of the maternal gene pools of the Chams and the Kinhs, respectively.
As displayed in figure 2 , the mtDNA phylogeny in Southeast Asia is largely improved by incorporating our 24 new mtDNA genomes, which in return helps recognize the remaining unclassified mtDNAs pinpointed in our study. Now it becomes evident that most of these unclassified mtDNAs observed in the Chams and the Kinhs cluster with certain previously reported mtDNA genomes and can be allocated into haplogroups M17, M21, M22, M50, M51, M71, M72, M73, and N21 (PhyloTree: http://www .phylotree.org). Meanwhile, haplogroups R22 and R23, which were previously defined based merely on HVS-I variation (Hill et al. 2007) , are now substantiated by the complete mtDNA genomes (R22: Cham13 and Thai28; R23: Cham57). One sequence (Cham60) with specific HVS-I motif 16129-16189-16213-16218-16223 was found to share transitions 12618 and 1393 with haplogroups M23 (consisting of sequences GQ389777 and FJ543102) and M46 (FJ442939), respectively, and was tentatively assigned to a newly defined basal haplogroup-M77.
Haplogroups M17, M21, M22, M51, M71, M72, M73, N21, R22, and R23 were initially observed in Southeast Asia and might represent the ancient maternal components in this region (Macaulay et al. 2005; Hill et al. 2006 Hill et al. , 2007 Tabbada et al. 2010) . In light of the updated mtDNA phylogeny of Southeast Asian ( fig. 2 ), we performed (near-) match searches with HVS-I motifs among the published eastern Eurasian mtDNA data sets to evaluate the distributions of these haplogroups (supplementary table S3, Supplementary Material online). Subsequently, the reduced median networks were reconstructed to display the internal phylogeny within each haplogroup ( fig. 3) . Our results support the previous observations that haplogroups M17, M21d, M22, M50, M51, M72, M73, M77, N21, R22, and R23 were distributed almost exclusively in Southeast Asia and could trace their origins back to this region (Macaulay et al. 2005; Hill et al. 2006 Hill et al. , 2007 . The exception is haplogroup M71, which was recently suggested to have a Philippine (Dancause et al. 2009 ), AH (Hartmann et al. 2009 ), and KT (Tabbada et al. 2010) , followed by ''#,'' the geographic locations, and the sample code or the accession numbers in GenBank. Haplogroup age estimates (± standard errors) are indicated at the branch roots in terms of the calibrated mutation rate of 7,884 years per synonymous mutation in codingregion (ky: 1,000 years; Soares et al. 2009 ). Mutations are transitions at the respective nucleotide position unless otherwise specified. Letters following positions indicate transversions; others are transitions. Recurrent mutations are underlined. þ, insertion; d, deletion; @, back mutation; H, heterogeneity. Amino acid replacements are specified by single-letter code; s, synonymous replacements; t, change in transfer RNA; r, change in ribosomal RNA gene.
mtDNA Variation in Cham Population · doi:10.1093/molbev/msq131 MBE origin (Tabbada et al. 2010 ) but now seems more likely to trace its root to southern China (this study and authors' unpublished data).
Comparison of the Chams and the Kinhs with the Other Southeast Asian Populations
To discern the relationships of the Cham and the Kinh populations with other Southeast Asian populations, we have employed PCA based on the haplogroup distribution frequency (supplementary table S4, Supplementary Material online). The first principal component (PC) revealed a clear division between ISEA (including Taiwan) and MSEA, corresponding to Austronesians and non-Austronesians, respectively. The Cham population, as well as the Kinh, was clustered within the MSEA group, which reflected a geographic clustering pattern rather than linguistic affinity ( fig. 4a ). Haplogroups E1, M7c3c, Q, and Y contributed most to the ISEA pole (Austronesians). Contrastingly, haplogroups M7b*, C, F1a1a, and B5a were concentrated at the MSEA pole (non-Austronesians) ( fig. 4b) . Although the variation between the ISEA and MSEA groups only accounted for 1.6% of the total variation, the island-mainland patterning was significant (P , 0.05) in AMOVA based on haplogroup profiles (supplementary table S4, Supplementary Material online).
The second PC showed an east-west pattern in ISEA as described before (Hill et al. 2007; Mona et al. 2009; Karafet et al. 2010 ) and uncovered a large division between the south and the north in MSEA. The Cham population fell within the group of populations in southern MSEA and furthermore positioned more closely to the Mon-Khmer populations such as Chong, Khmer, and Cambodian from southern Thailand and Cambodia. Haplogroups B4c2, M51, N21, R22, and M* were found to contribute most to the southern pole of MSEA. In contrast, the Kinh, together with other Vietnamese populations converged into a northern MSEA group, with high frequency of the haplogroups D*, B4*, G, M7c1*, and A. The south-north patterning in MSEA seen in PCA was small, but significant, in AMOVA (P , 0.05).
Dissecting the mtDNA Variation in the Chams
To trace the recent gene flow from ISEA, we have dissected the matrilineal pool of the Chams at the haplotype level MBE and compared the Cham mtDNA haplotypes to more than 3,000 HVS-I sequences from ISEA (Melton et al. 1998; Tajima et al. 2004; Trejaut et al. 2005; Hill et al. 2006 Hill et al. , 2007 Wong et al. 2007; Soares et al. 2008; Maruyama et al. 2010; Tabbada et al. 2010) . Twenty-eight Cham haplotypes (16080-16370) belonging to different (sub-)haplogroups have identical counterparts in ISEA ( fig. 5 ). Among them, eight haplotypes (consisting of 17 sequences; ;10.1%, 17/168) belonging to haplogroups B5a, D, E, M17, M50, M51, and R23 were not observed in a number of 10,572 samples from China (9,633) and MSEA (939) but shared exclusively between the Chams and some ISEA populations ( fig. 5 ), thus indicative of certain direct and recent genetic links with ISEA. To control for the possibility of recent back migration from MSEA to ISEA, we performed the founder analysis with f1 criterion (Richards et al. 2000) on the 28 haplotypes. Three haplotypes within haplogroups D, M7b, and M8a, which failed to relate to candidate founders in ISEA, were removed in further analyses ( fig. 5 ). The haplotype (with motif 16147-16184A-16189-16217-16235) within haplogroup B4c2 was not considered as well because it likely represents a more ancient migration event (see below). As a result, 24 haplotypes consisting of 51 sequences (;30.4%, 51/168) in the Chams shared commonality with ISEA populations (table 2 and fig. 5 ), thus potentially identifying recent gene flow from ISEA. Then, the D HS distances between the Chams and other ISEA populations were calculated based on haplotype-sharing analyses (table 2). Samples from Lombok had the lowest D HS distance (0.850); the highest value (0.959) was observed in Formosan samples from Taiwan.
Potential Marker for a Postglacial Dispersal
Haplogroup B4c2, first defined by Tanaka et al. (2004) , was found with relatively high frequency (;10.1%, 17/168) in the Chams. This haplogroup is distributed widely in southern China and Southeast Asia and reaches a peak frequency (;15-16%) in Cambodia and its neighboring area in Thailand ( fig. 6 ). In spite of close geographic distance between southern Vietnam and Cambodia, haplogroup B4c2 in the Chams was unlikely the result of recent gene flow from Cambodia and Thailand because most B4c2 types (9/13) from both countries were located in different branches with the Cham-specific haplotypes ( fig. 7) . The reduced-median network of B4c2 presented an obvious division (as distinguishable by transversion 16184A) between the lineages from ISEA and the MSEA as well as mtDNA Variation in Cham Population · doi:10.1093/molbev/msq131 MBE southern China. Meanwhile, the starlike phylogeny of the branch characteristic of 16184A suggests that it underwent a population expansion dating to the beginning Holocene ( fig. 7) , which was compatible with the results based on the mtDNA genomes ( fig. 2) . During this period, most of the Sunda Shelf region was submerged because of the rise of the sea level which then formed the geographic division between MSEA and ISEA known as the current Gulf of Thailand (Hanebuth et al. 2000; Lambeck and Chappell 2001; Sathiamurthy and Voris 2006) . As this eustatic change due to climatic oscillation was suggested to play an important role in shaping the modern maternal pools of populations in ISEA (Hill et al. 2007; Soares et al. 2008; Karafet et al. 2010) , our results were further examined to test for this influence. It is evident that this change had also affected the maternal pools in MSEA and southern China, MBE an observation in agreement with previous suggestions (Wen et al. 2005; Ricaut et al. 2006) .
Discussion
The mtDNA phylogeny in Southeast Asia reconstructed in the present study ( fig. 2) fig. 3 ) and age estimates ( fig. 2 ) of these haplogroups show patterns of long-term in situ evolution (Macaulay et al. 2005; Hill et al. 2006 Hill et al. , 2007 Tabbada et al. 2010) . However, in the Chams, most previously uncharacterized lineages were found to be shared with the other populations in Southeast Asia or located at the tips of the networks with the derived states ( fig. 3 ). These patterns suggest that these lineages in the Chams were likely to be introduced by the other populations, especially in southern MSEA (Thailand and Cambodia) and ISEA, via recent gene flow.
Although the Chams show tight links with Austronesian speakers from ISEA in language and culture, analysis of the Cham mtDNA variation revealed that the genetic links between the Chams and the ISEA populations were much weaker. To illustrate, the ISEA characteristic and prevailing haplogroup E (Hill et al. 2007; Soares et al. 2008 ) was only detected in two Cham individuals. Likewise, except for haplogroup M7c3c (;1.2%, 2/168 in the Chams), the other ''Out-of-Taiwan'' candidate lineages (e.g., D5, M7b3, Y2, F1a3, and F1a4) (Hill et al. 2007; Tabbada et al. 2010 ) that were distributed widely in ISEA were not observed in the Chams. As a result, the mtDNA profiles of the Chams showed significant difference with populations in ISEA, an observation in accordance with the PCA clustering results: the Cham displayed a closer relationship with populations (especially the Mon-Khmers) in southern MSEA rather than with the Austronesian populations from ISEA ( fig. 4) .
The discordance between the linguistic and the genetic evidence in the Chams indicates that the Austronesian diffusion in MSEA cannot be simply explained as a demic diffusion. Given the fact that the Mon-Khmer speakers had already occupied the middle and southern part of Vietnam before the arrival of the Austronesian immigrants (Bellwood 2006 (Bellwood , 2007 , contact between both populations might have involved extensive genetic admixture. During the process of admixture, one expanding Austronesian language (proto-Chamic) was imposed on or adopted by certain immigrants from ISEA with only a relative minor genetic contribution from the expanding Austronesian people. Conversely, the indigenous Mon-Khmers-the major genetic donors to the Chams, only contributed minor linguistic components as loan words to the Chamic language (Thurgood 1999; Southworth 2004) . Thus, the Austronesian diffusion in MSEA was mainly a process of language shift (Cavalli-Sforza et al. 1994; Diamond and Bellwood 2003) by indigenous populations. When we focused on the potential recent Austronesian components in the Chams that were shared with the ISEA populations ( fig. 5 and table 2) , similar D HS values were observed across several Austronesian populations from ISEA. However, the populations (Kota Kinabalu and Banjarmasin) from Borneo-the potential source of Chamic (Blust 1994 )-were relatively distant (D HS values: 0.923 and 0.931, respectively) from the Chams. Consequently, the Austronesian homelands of the Chams as well as the possible migration route of pioneer Austronesian people (and the language) to southern Vietnam cannot be pinpointed for the time being, although the bias caused by incomplete sampling of the ''correct'' source populations cannot be excluded. Taken together, our results support that cultural diffusion had played a dominate role during the spread of the Austronesian language into MSEA as suggested by the NMTCN hypothesis (Solheim et al. 2007 ). However, because our current study focuses merely on mtDNA, which reflects in fact the maternal history of the Cham people, extreme caution shall be taken during the explanation of our results. For instance, the paucity of Y-chromosome data in MSEA may hamper the deeper understanding of the origin of the Chams. In brief, we cannot exclude the possibility of existence of asymmetric sexual gene flow for a genetic link between the contemporary Cham and other Austronesian people may exist on the paternal side. Meanwhile, it also should be noted that potential minor gene flow entering MSEA was further diluted by admixture MBE such as the one suggested with Mon-Khmer ancestral population to a level that may not be appreciable. In regards to this point, multidisciplinary data are essential to uncover the entire past history of the Cham population.
In addition, the comparison between the Chams and the Kinhs reveal a significant difference (PCA and AMOVA) in the maternal gene pools, which was consistent with the different ethnohistories of the Chams and the Kinhs that, respectively, represent the different cultures in southern and northern Vietnam. Southern Vietnam, which was historically a highly Indianized kingdom known as Champa, harbored a culture similar to that of the Khmer Empire. In contrast, northern Vietnam, known as Jiaozhi or Annam, was under Chinese domination for more than 1,000 years. Besides the deeply Sinicized culture, substantial Chinese immigration would make a hefty contribution to the modern gene pool of the Kinhs in northern Vietnam (Higham 2002; He 2006) . Although masses of Cham people were suggested to have been assimilated into the Kinh group after the annihilation of Champa (He 2006) , it seems that the remaining group of Chams has retained its own characteristics not only in culture but also in genetics, which well distinguish this unique population from the Kinhs, notwithstanding waves of Kinhs influxing into southern Vietnam in the past several hundred years.
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